The effect of seasonal variations in physical parameters on quality of gravity flow water was investigated in Kyanamira Sub-County, Kabale District, Uganda. The seasonal variations in the physical parameters (pH, temperature, electrical conductivity (EC), turbidity, colour, total dissolved solids (TDS), and total suspended solids (TSS)) were determined during wet and dry seasons. Composite samples from gravity flow water sources were collected monthly from March to August, 2014 and then analyzed. Temperature was measured using thermometer; pH, EC and TDS were determined using a multimeter, turbidity, colour and total suspended solids were determined by spectrophotometric method. TDS, pH and temperature were the most contributing parameters to water quality variations in both seasons. The mean pH values varied between 3.78 -4.84 from March to August, 2014 at all study sites. These pH values were consistently below the WHO permissible range of 6.5 -8.5. Similarly, total suspended solids varied between 0.66 -2.17 mg•L −1 and were well above the recommended WHO limit of zero mg•L −1 at all study sites. Turbidity mean values varied between 0.83 -3.7 NTU and were outside the recommended limits of 3 NTU at Kigata (3.7 NTU) only. Temperatures (20.3˚C -21.15˚C) for all the study sites were within the recommended limit of 20˚C -30˚C in water for domestic purposes. ). Basing on these findings above, it was evident to justify discouraging the use of gravity flow water at these study sites for domestic purposes without proper treatment.
Introduction
Water is second to oxygen as being essential for life. People can survive days, weeks, or even longer without food, but only about four days without water (Nagarnaik and Patil, 2012 ) [1] . Groundwater is found in weathered portions, along the joints and fractures of the rocks (Rajappa et al., 2011) [2] . Gravity flow water mainly depends on groundwater which in turn depends on quality of recharged water, atmospheric precipitation, inland surface water and sub-surface geochemical processes. This implies that same factors which influence groundwater quality such as seasonal changes, geology, mineralisation in soil and rocks, agricultural land use, etc. influence gravity flow water quality in addition to materials used in construction of the gravity flow water system. It is therefore recommended that rural groundwater developers should make exploitation of good water quality a top priority as provision of polluted water will be counterproductive with all its attendant health hazards (Ocheri & Egahi, 2013) [3] .
Globally, groundwater provides about 50% of the current potable water supplies, 40% of the demand of self-supplied industry and 20% of water use in irrigated agriculture according to UNESCO (2003) estimate. Groundwater is the earth's largest accessible store of fresh water and excluding ice sheets and glaciers has been estimated to account for 94% of all fresh water (Ocheri & Egahi, 2013) [3] .
Groundwater provides more than 40% of California's drinking water. To protect this vital resource, the State of California created the Groundwater Ambient Monitoring and Assessment (GAMA) Programme. GAMA's priority basin project evaluates the quality of untreated groundwater in the Indian wells valley of California (Dawson and Kenneth, 2012) [4] . Groundwater provided 80% or more of the water supply in Uganda, especially in the rural areas. Uganda has a total area of 241,500 Sq. Km. Out of this,
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.3% is open water, 3.0% permanent wetlands and 9.4% seasonal wetlands and over 162 freshwater lakes and numerous rivers. Kabale district local government estimates show that gravity flow water supplies 50.2% of the population in the whole district (Danert et al., 2001 ) [5] .
The demand of fresh water for the rapidly growing population in Kabale District is increasing as it is the case for the whole Uganda. The main source of water for drinking, domestic, agricultural and industrial activities in Kabale District is groundwater supplied via gravity flow water pipes. In the wet season, it was evident that the quality of water was poor as the gravity flow water emerged with its colour greatly changed. Observed human practices such as construction of deep pit latrines, use of agrochemicals, haphazard land usage, inappropriate waste disposal, among others threaten the quality of groundwater. In addition, petroleum products, construction materials, automobile fumes, leakages, etc. may infiltrate the groundwater aquifers contaminating them.
There is no or paucity of data regarding the quality of the gravity flow water used in Kabale district in terms of physical parameters. It is thus timely to investigate seasonal variations in quality of gravity flow water used by the people in Kabale district, as it indirectly reveals the prevailing status of groundwater.
Seasonal changes enhance the effects of human practices and natural processes on gravity flow water quality through:  Adsorption and desorption processes;  Eutrophication of eroded organic matter;  Dissolution, transportation and deposition of materials e.g. agrochemicals;
 Overflows or seepages from compost pits, pit latrines, etc.;  Changing and/or interactions between water quality factors especially during the wet season.
What is lacking?
There is paucity of data regarding the quality of the gravity flow water used in Kabale district and perhaps elsewhere in Uganda. Besides, no water quality monitoring program for identifying and tracking periodic water quality changes is in place.
The effect of seasonal variations in physical parameters on quality of gravity flow water in the study sites (Kigata, Kihanga, Kacuro, Kitibya and Kanjobe) located in Kyanamira Sub-County; Kabale District, Uganda was studied. The study involved determining the variations in physical parameters of the water during the dry (MarchMay) and wet (June-August) seasons in 2014. The study was principally qualitative in terms quantitative analysis of physical parameters of gravity flow water in the study sites during dry and wet seasons. This study generated baseline data regarding the effect of seasonal variations in physical parameters on quality of gravity flow water used for domestic and agriculture purposes in Kabale District, Uganda.
Materials and Methods

Study Area
The water samples were collected from five study sites: Kigata, Kihanga, Kacuro, Kitibya and Kanjobe gravity flow water sources within 5 Km distance from Kyanamira Sub-County headquarters located along old Kabale-Mbarara road in Kabale District, Uganda. The present investigation was to estimate the effect of seasonal variations in physical parameters on quality of gravity flow water from water sources located in Kyanamira sub-county, Kabale District, Uganda (Figure 1 ).
Sample Collection
Three sub-samples were collected from each gravity flow water source on a sampling day (1 day) per month. Composite samples from each gravity flow water source were obtained by mixing three sub-samples which were collected as follows: First sample from each source was obtained in the morning, second sample was obtained after midday and third sample was obtained in the evening followed by mixing the three 
Analysis
Different analytical methods were used in determination of the physical parameters of gravity flow water quality in the samples obtained from the five different water tank reservoirs for a period of six months. The study assessed seasonal variations in temperature, pH, colour, turbidity, total suspended solids, electrical conductivity and total dissolved solids mean values. The mean values of pH, temperature, TDS and EC of the samples were noted at the sampling sites. Colour, TSS and turbidity were determined by spectrophotometry following standard procedures including calibrations. The results were compared with recommended standard limits for drinking water quality parameters.
Temperature measurements, pH and electrical conductivity were taken by dipping a multi-meter probe into the water samples on each study site and calculated their mean values for each sample per day per month. Turbidity, colour, total dissolved solids and total suspended solids were determined using spectrophotometric method.
Results and Discussion
The quality of gravity flow water was determined in terms of the mean values of physical parameters which were compared with their WHO recommended limits for proper functioning of the biological systems of human beings.
Temperature
There was a general increase in temperature values which ranged between 19˚C to were attributed to seasonal changes, depth of gravity flow water sources, different timing of sample collection and mixing with air whether cold or warm from the surrounding rocks and soils in the plumes. 
Colour
Turbidity
Mean turbidity values recorded gave an overview of the variations in gravity flow water quality during wet and dry seasons. The highest mean turbidity value (13 NTU) was observed in the wet season (March) at Kigata. This was due to high concentrations of small clay mineral particles, dissolved coloured compounds and colloids. In March and The mean turbidity value at Kigata was above the WHO allowable limit. The high turbidity values observed during the wet season in the study may have been due to coagulation of dissolved substances in the water reservoirs. Particles from weathering activities in the underground waterways and surface runoff from agricultural fields around the gravity flow water sources also contribute to turbidity.
Total Dissolved Solids (TDS)
The mean concentrations of total dissolved solids (TDS) are an important parameter in gravity flow water. Findings of the study indicated that the mean total dissolved solids varied appreciably at all study sites from March to August, 2014 (see Figure 5 ). The ). According to classification of drinking water on the basis of TDS values, all the gravity flow water samples were found to be non-saline and well within the permissible limit of 1500 mg•L −1 (see Table 1 ).
The fluctuations in temperatures of gravity flow water from March to August, 2014, did not influence mean TDS values which generally increased from the wet to the dry season. This was due to low and high evaporation rates in the wet and dry seasons, respectively. Concentrations of dissolved constituents in gravity flow water are not temperature dependent, i.e. the correlation coefficient was negative (−0.059) and very weak (see Figure 6 ).
Total Suspended Solids (TSS)
The total suspended solids (TSS) generally decreased from the wet season 
pH
There was a general increase in mean pH from wet season (March-April) to dry season Table 1 all the mean pH values measured at the study sites were in the acidic range (pH = 3.8 -4.8).
The highest pH value was observed at Kitibya (4.8) and the lowest value was observed at Kigata (3.8). All the gravity flow water samples were found to be outside the acceptable WHO limit of pH between 6.5 -8.5. The acidity may have been due to high carbon dioxide concentrations from eutrophication processes of organic matter, adsorption of metal anions and presence of some non-metallic compounds such as fluorides in the gravity flow water sources.
The low pH values were also attributed to lower temperature hence lower TDS values, higher precipitation and adsorption processes and lower ion exchange capacity taking place in gravity flow water. Since the gravity flow water samples were acidic, this water corrodes metallic equipment and facilitates dissolution and desorption processes. In the study, it was observed that pH values increased with in dissolved oxygen. The low pH values which were common in the wet season are attributed to the anaerobic conditions that could lead to the production of acidic substances such as organic acids.
The mean values of pH and dissolved oxygen were found to be moderately correlated where r = +0.438 (see Figure 9 ). Gravity flow water quality deteriorates more in the wet season in Kyanamira subcounty, Kabale District, Uganda and therefore gravity flow water systems require special attention, as some of the important physical parameters such as pH and TSS are high (see Table 2 ). Since gravity flow water is diverted groundwater, the low mean pH values may affect the quality of gravity flow water especially in the wet season by influencing other water quality parameters such as heavy metal concentrations, pathogens, dissolved oxygen, hardness and alkalinity to mention but a few. Thus, it is important to discourage use of gravity flow water for domestic purposes without proper treatment.
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